To explore the gene expression signature in essential thrombocythemia (ET) patients in relation to JAK2V617F mutational status, expression profiling in circulating granulocytes was performed. Twenty ET were studied by microarray analysis and the results were confirmed by real-time quantitative RT-PCR in 40 ET patients, not receiving cytoreductive treatment. A heterogeneous molecular signature characterized by two main gene expression patterns was found: one with an upregulation of inflammatory genes related to neutrophil activation and thrombosis, and the other with significantly lower expression of these genes. Supervised clustering analysis showed 30 genes differentially expressed between JAK2V617F-negative and JAK2V617F-positive ET patients. Among the JAK2V617F-negative, a set of 14 genes (CISH, C13orf18, CCL3, PIM1, MAFF, SOCS3, ID2, GADD45B, KLF5, TNF, LAMB3, HRH4, TAGAP and TRIB1) showed an abnormal expression pattern. In this group of patients, CISH, SOCS2, SOCS3 and PIM1 genes, all involved in JAK-STAT signalling pathway, presented a lower expression. A two-gene predictor model was built comprising FOSB and CISH genes, which were the best discriminators of JAK2V617F status. In conclusion, JAK2V617F-negative ET patients present a characteristic gene expression profile, different from JAK2V617F-positive patients. Other pathways, besides JAK-STAT, might be implicated in the pathophysiology of JAK2V617F-negative ET patients.
To explore the gene expression signature in essential thrombocythemia (ET) patients in relation to JAK2V617F mutational status, expression profiling in circulating granulocytes was performed. Twenty ET were studied by microarray analysis and the results were confirmed by real-time quantitative RT-PCR in 40 ET patients, not receiving cytoreductive treatment. A heterogeneous molecular signature characterized by two main gene expression patterns was found: one with an upregulation of inflammatory genes related to neutrophil activation and thrombosis, and the other with significantly lower expression of these genes. Supervised clustering analysis showed 30 genes differentially expressed between JAK2V617F-negative and JAK2V617F-positive ET patients. Among the JAK2V617F-negative, a set of 14 genes (CISH, C13orf18, CCL3, PIM1, MAFF, SOCS3, ID2, GADD45B, KLF5, TNF, LAMB3, HRH4, TAGAP and TRIB1) showed an abnormal expression pattern. In this group of patients, CISH, SOCS2, SOCS3 and PIM1 genes, all involved in JAK-STAT signalling pathway, presented a lower expression. A two-gene predictor model was built comprising FOSB and CISH genes, which were the best discriminators of JAK2V617F status. In conclusion, JAK2V617F-negative ET patients present a characteristic gene expression profile, different fromIntroduction BCR-ABL-negative myeloproliferative disorders (MPDs) including polycythemia vera (PV), essential thrombocythemia (ET) and primary myelofibrosis (PMF) are characterized by a clonal expansion of a multipotent haematopoietic progenitor cell. ET is a heterogeneous entity characterized by increased bone marrow megakaryocytes, persistent thrombocytosis and an increased risk of thrombohaemorrhagic complications.
1 Recently, the existence of the JAK2V617F mutation has been reported in a high proportion of MPD BCR-ABL-negative patients (90% of PV, 50-60% of ET and PMF patients).
2-6 Although the description of the JAK2V617F mutation has provided important insight into the pathogenesis of PV, ET and PMF, the molecular abnormalities associated to JAK2V617F-negative BCR-ABL-negative MPD remain unknown. Regarding ET, JAK2V617F-positive patients present clinical features resembling the PV phenotype, in contrast to JAK2V617F-negative ET patients, and according to this observation, two molecular distinct subtypes of ET have been proposed. 7 The constitutive kinase activity of V617F mutation causes cytokine-independent activation of the JAK-STAT, PI3K-AKT and Ras-MAPK pathways. This multiple pathway activation results in the independence or hypersensitivity of haematopoietic progenitors to numerous cytokines, a hallmark of MPD. [2] [3] [4] [5] Recently, mutations involving exon 12 of the JAK2 gene in PV 8, 9 and MPLW515L mutation in approximately 10% of JAK2V617F-negative PMF and in a smaller proportion of ET have been reported. 10 However, in more than 40% of ET patients a molecular marker is still lacking.
Global gene expression analysis has been used as a powerful tool to provide insight into the molecular aetiology of haematologic malignancies. Granulocytes with altered gene expression have been detected in PV [11] [12] [13] and new markers have been defined in relation to JAK2V617F.
14 Recently, distinct gene expression subclasses in ET in relation to JAK2V617F status have been described by using cDNA microarrays. 15 Our aim was to characterize the gene expression profile of peripheral blood granulocytes in ET using whole genome oligonucleotide microarray technology and real-time quantitative RT-PCR. The objective was to extend the set of markers for ET and analyse the relation between gene expression data, JAK2V617F status and clinical manifestations of the disease.
Patients and methods

Patients
A total of 40 cases (28 women/12 men) with a median age of 54 years (ranging from 31 to 85 years), diagnosed with ET according to the WHO criteria (2001), who had never received cytoreductive treatment were studied. At the time of diagnosis four patients had presented thrombotic events and three patients had shown haemorrhages. Among the 40 patients, 32 presented at least one of the following clonality markers: JAK2V617F, positivity for HUMARA assay and myeloid endogenous growth. JAK2V617F was detected in 52.5% (21/40) patients, always in heterozygosity, with a percentage of mutant alleles ranging from 7.8 to 40.7% (mean of 28.3%). Among the 17 out of 28 informative women, seven showed clonality by the HUMARA assay. Out of 40 patients, 26 showed endogenous myeloid growth (eBFU-E and/or eCFU-MK). Out of 19 JAK2V617F-negative patients, 11 presented HUMARA clonality and/or myeloid endogenous growth. Therefore, only eight patients did not present any clonal marker. We analysed the association between presence or absence of JAK2V617F and clinicobiological data from all patients (Table 1) . Ten healthy individuals (5 women/5 men) with age ranging from 25 to 58 years and with a normal blood cell count were used as assay validation controls. The study was approved by the local ethics committee and written informed consent was obtained from all patients, according to the Declaration of Helsinki.
RNA extraction
Venous blood (20 ml) was collected in ethylendiaminetetraacetic acid (EDTA) and immediately processed. Granulocytes were isolated as previously described 16 and total cellular RNA from each sample was isolated from 10 Â 10 6 granulocytes using a guanidinium thiocyanate-based method (Ultraspec; Biotecx Laboratories, Houston, TX, USA) following the protocol supplied by the manufacturer.
RNA quality was assessed by nanoelectrophoresis using the Nano lab-on-a-chip assay for total eukaryotic RNA (Bioanalyzer, Agilent Technologies, Palo Alto, CA, USA). Only samples with RNA integrity number 47 were subsequently used in microarray experiments.
Microarray analysis RNA labelling and hybridization. In each experiment, RNA obtained from granulocytes from a single ET patient was compared with a pool of granulocyte RNAs from 10 healthy individuals. Total RNA (500 ng) were reverse transcribed into cDNA and amplified by in vitro transcription in the presence of fluorescent-labelled CTP using the Low Input RNA Labelling and Amplification Kit from Agilent following the manufacturer's instructions.
Each microarray was hybridized with 750 ng of each amplified cRNA labelled with Cy5 or Cy3 at a specific activity between 7 and 15 pmol/mg. Duplicate hybridizations were performed for each comparison with dye swapping to control for possible differences in the incorporation rate of the Cy5 and Cy3 fluorochromes. Microarray expression profiles were obtained using Whole Human Genome oligonucleotide microarrays (G4112A, Agilent), comprising 41 000 60-nt oligonucleotide probes, most represented as single spots, using the protocol recommended by Agilent with SSC-based washes.
Scanning and analysis. Fluorescent images were obtained using an Agilent G2565BA scanner. Fluorescence intensity data were extracted and quantified using Genepix 6.0 (Molecular Dynamics).
Only spots with signal intensities twice above the local background, not saturated and not flagged as absent by GenePix, were considered reliable and used for subsequent analysis. Normalized log2ratios were scaled between arrays to make all data comparable. Statistically significant differences in gene expression were determined by computing a Bayesian statistic using all log2ratios from replicate hybridizations.
Target genes were considered as differentially expressed when their empirical Bayes statistic B was higher than 15 (B_rank498%). All quantitative and statistical analyses were performed using MMARGE tool, a web implementation of the Limma package in the R environment. 17, 18 Supervised classification of ET samples into categories according to clinical and biological parameters based on gene expression profiles was performed using standard two-tailed Student's test using the t-test function from R (http://www.cran. r-project.org) and was used to determine statistical significance of differential gene expression. Gene Ontology terms for annotated genes and common pathways were analysed using the Ingenuity Pathways Analysis software (Ingenuity Systems Inc.) and the FATIGO þ gene ontology-based application (http://fatigo.bioinfo.cnio.es/bioinfo/). 19 The differentially expressed gene lists were linked to the Internet genome databases (that is, GeneCards, GenBank, Swiss Prot, Online Mendelian Inheritance in Man).
Microarray data have been deposited in NCBIs Gene Expression Omnibus (GEO; http://www.ncbi.nlm.nih.gov/projects/geo/) Table 1 Main clinico-biological data at diagnosis of the 40 ET patients in relation to JAK2 status Gene expression profiling in essential thrombocythemia E Puigdecanet et al and are accessible through GEO Series accession number GSE11003.
Real-time quantitative RT-PCR analysis by TaqMan low density arrays
On the basis of array results, we evaluated expression levels of selected genes by real-time quantitative RT-PCR analyses using the TaqMan Low Density Arrays (LDA platform, Applied Biosystems, Foster City, CA, USA) in all patients. cDNA was reverse transcribed from total RNA with random primers using High Capacity cDNA Archive Kit (Applied Biosystems), as described by the manufacturer. TaqMan PCR reactions were performed on cDNA samples using the TaqMan Universal PCR Master Mix (Applied Biosystems) according to the manufacturer's instructions, and fluorescence was detected in an ABI PRISM 7900 HT (Applied Biosystems). Cycle threshold (C t ) values were calculated by the ABI PRISM software, and relative gene expression levels were expressed as the difference in C t values (DC t ) of the target gene and the geometric mean of the three housekeeping genes: 18S rRNA (eukaryotic 18S ribosomal RNA), GUSB (glucuronidase, beta) and GAPDH (glyceraldehyde-3-phosphate dehydrogenase). 20 DDC t values were calculated for each sample using the mean of its DC t subtracted from the mean DC t value measured in the pool of the 10 healthy subjects, considered as a calibrator. Gene expression quantification was achieved using the comparative C t method for relative quantification, in which the amount of target is expressed as 2 ÀDDCt . We designed two different LDA platforms, containing 96 and 48 assays in duplicate, which were selected according to the microarray results (see Supplementary Table 1 and 2). Supervised classification of ET samples based on realtime quantitative RT-PCR results into categories according to clinical and biological parameters was performed as described above (Microarray data analysis).
Statistical analyses of the clinical and biological data
Statistical analyses of the clinical and biological data and their relationship with the gene expression data were performed using the SPSS12 (SPSS Inc., Chicago, Illinois, USA). Differences between normally distributed group data were analysed by the unpaired Student's t-test, as well as one-factor analysis of variance (ANOVA) and nonparametric tests when appropriate. The w 2 -test was used to compare categorical variables among groups. Statistical significance was considered when Po0.05.
Predictor modelling
Predictor model was constructed on a training data set and evaluated on an independent test data set. We used the misclassification-penalized posterior algorithm (MiPP). 21 MiPP is based on stepwise incremental classification modelling for discovery of the most parsimonious prediction models. Model training was performed using different classification algorithms including linear discriminant analysis, quadratic discriminant analysis, support vector machine learning and logistic regression.
Results and discussion
Global gene expression patterns in ET
A flow-chart describing the design of the entire study is provided in Figure 1 . Analysing the microarray data from the first 20 patients studied (patients 1-20), a common gene expression signature was found in 17 out of 20 ET patients (patients 1-17) compared to the healthy control pool. The other three patients (patients [18] [19] [20] showed a different gene expression pattern, being independent among them, and were considered outliers. The signature of the first 17 patients was composed of 124 upregulated and 14 downregulated genes, with 42-fold changes over control granulocytes.
Applying Ingenuity Pathways Analysis (Ingenuity Systems, www.ingenuity.com) of the 124 upregulated genes, 42 were implicated in the immune response (Po0.0003), 39 of them were involved in the development and function of the haematological system (Po0.0005) and 34 were related to cancer (Po0.0004). We studied common pathways for these genes, detecting two main networks related to the immune response (Po0.05). One important network comprised 24 genes, among which TNF and IL-1 were overexpressed. These genes are the main initiators of the immune and inflammatory responses. Another network more related to haematological development and function comprised 39 overexpressed genes. These genes were directly involved in neutrophil chemotaxis (CXCL2, PPBP, CCL4, CCL3, CCL20 and CCL23), neutrophil adhesion (ICAM1), complement and coagulation mediators (PLAU, plasminogen activator, urokinase, and PLAUR, PLAU receptor) and other relevant molecules, such as OSM, PTGS2, ETS2, CD83 and EDN1. These findings suggest that there is an activation of the immune response in ET patients over healthy controls.
We selected a set of 96 genes, including 81/124 of the most upregulated and 9/14 of the most downregulated with functional annotation (comprising all the above referred genes), 3 other genes previously described as associated with MPDs (CD44, NFE2 and ANKRD15), 11, 12, 14 and 18S rRNA, GAPDH and GUSB genes as endogenous controls. This set of 96 genes was validated by real-time quantitative RT-PCR in the same cohort of 20 patients previously studied by microarrays. The concordance between the two assays, calculated using the Spearman correlation test, was high for most of the genes validated, with a mean correlation coefficient across 17 samples of 0.76 (s.d. ¼ 0.06). Subsequently, 20 additional ET patients (patients 21-40) were studied using the 96 gene custom designed LDA platform, expanding the series to 40 patients. A hierarchical clustering of the gene expression data of the 96 genes in the 40 patients studied showed a classification into two main groups. The first one (group A) comprised 18 patients, showing the common expression pattern found in the microarray data (which was characterized by 81 genes upregulated and 9 downregulated, in relation to control granulocytes). The other cluster (group B) included a set of 22 patients. In this cluster two subgroups were observed: one of them (group B.1) comprised 9 patients and the other (group B.2) included 13 patients. Concerning expression data of the different patient clusters (groups A, B.1 and B.2), one-factor ANOVA test confirmed a progressive decrease in expression levels of certain genes in the three respective clusters (genes with F ratio433 were ARL8, CCL3, CCL4, CD83, CXCL2, DUSP2, EDN1, ICAM1, IL1A, IL1RN, KLF10, MAFF, NFKBIZ, PLAU, PLEK, PLEKHG2, PLK2, PTX3, TNF, TNFAIP3, XBP1 and ZFP36). In addition, the same test confirmed that the nine downregulated genes in microarray analysis (AP3M1, ARRDC3, C4BPA, C1QC, DDX28, SOLH, SOX4, TBCC, ZNF217) had similar expression levels in the patients studied, as some other genes such as B2M, CCL23, CD44, NBN, NFE2, RABGEF1 and RBF600. Cluster data are shown in Figure 2 .
We did not find any statistically significant association between the two cluster-derived patient groups and the clinical and biological parameters described in Table 1 . However, three out of four patients that presented thrombotic complications were included in group A. Moreover, 76.9% (10/13) patients in group B.2 were JAK2V617F-positive.
Besides, an overexpression of NFE2 and downregulation of ANKRD15 has been described in PV. 12, 14 In our results, the expression of NFE2 and ANKRD15 genes is not altered in ET patients and is similar to healthy controls. We detected an upregulation of CD44 in ET patients, also previously reported in PV patients.
11 CD44 is an adhesion molecule involved in cellcell contact between progenitor cells and stromal cells and might therefore be important for haemopoiesis, in proliferation of progenitor cells and myeloid differentiation, 22 as well as in the pathophysiology of bone marrow fibrosis. 23 It is remarkable that some overexpressed genes in group A in relation to group B are involved in the immune response. An activated neutrophil phenotype has been described by Falanga MICROARRAY ANALYSIS (20 Among the 96 genes assayed, gene expression data of 87 genes is shown. The rest of assays data are not shown because in six genes (C1QC, CNGB1, HLA-G, LIMS1, MT1M and PHACTR1) no amplification was detected in any of the samples studied, and three genes (18S rRNA, GAPDH and GUSB) were used as endogenous controls. A hierarchical clustering (Euclidean distance Complete Linkage) of the gene expression data of the 96 genes in 40 patients studied showed a classification into two main groups: A and B. In this cluster B two subgroups were observed: B.1 and B.2. The columns represent individual patients and the rows represent specific genes. The expression values are the log2ratios between every patient and the control pool. Grey squares depict missing data points.
Gene expression profiling in essential thrombocythemia E Puigdecanet et al et al. 24 in ET and PV patients. These authors have proposed a probable role for leucocytes in the thrombosis of ET. On the other hand, a high monocyte and platelet activation has been reported in ET patients with thrombosis. 25 In this sense, activated leucocytes and platelets could contribute to the local injury of the endothelium by engagement of adhesion receptors and release of proteases or cytokines resulting in coagulation activation. Taking these results into account, we could hypothesize that the ET expression pattern found in group A, with overexpression of genes involved in the immune response, could primarily affect thrombosis mechanisms.
Gene expression patterns in relation to JAK2V617F
Supervised clustering of the microarray data of the 20 ET patients, showed some genes differentially expressed in JAK2V617F-positive versus JAK2V617F-negative ET. Most of these genes showed little expression differences in relation to controls.
We selected 40 of these genes, applying a cutoff based on the Bayesian moderated t-test (using Limma package, 26 Po0.017; fold change41.35 between the JAK2V617F-postive and JAK2V617F-negative patients) and we designed a new LDA platform with 48 genes that included the 40 differentially expressed genes and the SOCS1, SOCS3, CCND1 and BCL2L1 genes which are directly or indirectly related to the JAK-STAT pathway. The 18S rRNA, GAPDH, GUSB and HPRT1 (hypoxanthine phosphoribosyl-transferase) genes were used as endogenous controls. Using real-time quantitative RT-PCR, this set of 48 genes was validated in 19/20 patients previously studied by microarrays, and tested in 19 additional ET patients. A t-test of the gene expression data of the 38 ET patients confirmed the differential expression between JAK2V617F-positive and JAK2V617F-negative patients in 8/48 genes studied (Po0.052): CISH, C13orf18, CD44, PIM1, SOCS2, SOCS3, HRH4, BATF. Among these eight genes, four were induced by the JAK-STAT pathway in response to cytokines: CISH (cytokine inducible SH2-containing protein), SOCS2 (suppressor of cytokine signalling 2), SOCS3 (suppressor of cytokine signalling 3) and PIM1 (PIM1 oncogene).
27 SOCS2 and SOCS3 were overexpressed in JAK2V617F-positive ET and no differences were found between JAK2V617F-negative ET and controls. CISH and PIM1 expression levels in mutated patients were similar to controls, whereas a downregulation was found in JAK2V617F-negative ET patients (Table 2 ). These genes have been described as targets of the STATs (signal transducers and activators of transcription). CISH, SOCS2 and SOCS3 are SOCS family members that are activated by STATs. These three genes as well as PIM1 act as negative regulators of the JAK-STAT signalling pathway. 28, 29 As JAK2V617F causes constitutive activation of the JAK-STAT signalling in haematopoietic cells, 2-5 it consequently activates several negative feedback systems, mainly including members of the SOCS family, which initially might act to suppress the tumour promoting effects of the JAK2V617F oncogene. 30 The activation of the negative feedback of JAK-STAT pathway could explain the higher expression of SOCS2 and SOCS3 detected in JAK2V617F-positive ET. The lower expression of these two genes in JAK2V617F-negative ET indicates that there is no activation of the JAK-STAT pathway in these patients. The finding of similar expression levels of CISH and PIM1 in mutated patients and controls could be explained by a perturbed expression or imbalances in the negative feedback system of the JAK-STAT pathway. Similarly, a recent study in MPD Philadelphia positive patients has described that BCR/ABL signalling activates several negative feedback regulatory systems (such as JAK-STAT inhibitors). 28 This effect might be overcome by increased BCR/ABL signalling or by signalling via additional or alternative pathways, which subsequently causes an increased signalling in the JAK-STAT pathway. Moreover, Verdier et al. 31 described that the overexpression of STAT5 overcomes the inhibitory effects of CISH on erythropoietin signalling. To our knowledge, this is the first time that CISH and SOCS3 have been described to present different expression between JAK2V617F-negative and JAK2V617F-positive ET patients. Concerning to the relative differential expression of SOCS2 and PIM1, our results agree with those recently reported by Schwemmers et al. 15 These authors revealed two distinct gene expression subclasses in a series of 16 ET patients in relation to JAK2V617F status, by using cDNA microarrays (home-made platform) analysing a reduced set of genes (7497 genes).
Regarding the other four differentially expressed genes, a higher expression of BATF (basic leucine zipper transcription factor, ATF-like) and CD44 (CD44 molecule) was detected in JAK2V617F-positive versus JAK2V617F-negative ET patients. C13orf18 (chromosome 13 open reading frame 18) and HRH4 (histamine H4 receptor) were downregulated in JAK2V617F-negative patients. Interestingly, C13orf18 expression was the best marker to discriminate JAK2V617F-negative from JAK2V617F-positive and controls (Table 2) .
On the other hand, when we applied a t-test to the data obtained on the 96 genes LDA platform, we found 22 genes differentially expressed between JAK2V617F-positive and JAK2V617F-negative patients (Po0.05). All these 22 genes presented a lower expression in JAK2V617F-positive patients. Interestingly, the same set of genes was downregulated in the B.2 group of the unsupervised clustering obtained from the 96 genes LDA data that had a majority of cases carrying the JAK2V617F mutation. These findings support the hypothesis that there is an effect of mutational status of JAK2V617F on the granulocytic expression profile of ET patients, in agreement with other studies. 15 This set of 22 genes, together with the 8 previously defined in 48 genes LDA, established a group of 30 genes that showed different expression in relation to JAK2V617F status (Table 2) .
A set of genes predicts the JAK2V617F mutational status
Grouping real-time PCR results from the two LDA custom designs (137 genes plus 4 endogenous controls) we sought to obtain a gene expression signature that differentiated JAK2V617F-positive and JAK2V617F-negative ET. The predictor model was constructed on the training data set (26 samples) and evaluated on an independent test data set (12 samples). We performed an exhaustive sequential search to select the genes with the lowest error classification in the training set and optimal prediction power in the independent set. Applying successive runs of MiPP R package, using linear discriminant analysis and the settings (n.seq ¼ 20, n.split ¼ 100, n.fold ¼ 10, n.split.eval ¼ 100) and changing the number of preselected genes (using percent.cut parameter), two models with an error rate lower than 20% in test set were selected: the first model was a three gene predictor, including CISH, FOSB (FBJ murine osteosarcoma viral oncogene homologue B) and SOCS2, with validation error rates of 15.38% in the training set and 16.67% in the test set (percent.cut ¼ 0.3). The second model, comprising only the genes CISH and FOSB, yielded an error rate of 11.54% in the training set and of 16.67% in the test set (percent.cut ¼ 0.02). It is noteworthy that the two genes with highest predictive value were consistently recovered in all predictor models (Figure 3) . These results highlight the power of Table 2 Genes differentially expressed between JAK2V617F-positive and JAK2V617F-negative ET patients (Po0.052)
Symbol
Gene description GenBank accesion no. CISH and FOSB for the discrimination of ET patients according to JAK2V617F status. CISH is a negative regulator of the JAK-STAT signalling pathway and its expression could be altered by JAK2V617F. FOSB is an oncogene involved in the regulation of progression through cell cycle. FOSB upregulation in ET JAK2V617F-negative patients may indicate its implication in the molecular pathology of this group of ET patients. Interestingly, the differential expression of this set of genes in JAK2V617F-negative patients could be useful to identify other pathways besides JAK-STAT in the pathogenesis of ET.
Gene expression signature in JAK2V617F-negative patients Among JAK2V617F-negative ET patients (that represent approximately 50% of ET), a proportion of them do not present any clonal marker, such as HUMARA clonality or endogenous myeloid growth. It would be interesting to find new biological markers that could characterize this group of patients. In our study, we defined a set of genes differentially expressed in JAK2V617F-negative ET patients versus JAK2V617F-positive and controls. Among them, the following genes showed an abnormal expression pattern (with41.5-fold changes over control granulocytes) in JAK2V617F-negative patients: CISH, C13orf18, CCL3, PIM1, MAFF, SOCS3, ID2, GADD45B, KLF5, TNF, LAMB3, HRH4, TAGAP and TRIB1 (Table 2) . Noteworthy, the expression of these genes was not altered either in JAK2V617F-positive ET patients or in controls. The identification of a characteristic gene expression signature in this group of patients is worthy of consideration to identify other signal transduction pathways besides JAK-STAT involved in the pathogenesis of ET.
In conclusion, our results showed a heterogeneous molecular signature in ET patients characterized by two main gene expression patterns: one (group A) with an upregulation of inflammatory markers that could participate in neutrophil activation and thrombosis, and the other (group B) with significantly lower expression of these genes. Interestingly, we found a group of 30 genes that showed a different expression in relation to JAK2V617F status. Among them, a set of 14 genes (CISH, C13orf18, CCL3, PIM1, MAFF, SOCS3, ID2, GADD45B, KLF5, TNF, LAMB3, HRH4, TAGAP and TRIB1) showed an abnormal expression pattern only in JAK2V617F-negative. Remarkably, in this group of patients CISH, SOCS2, SOCS3 and PIM1 presented a significant lower expression, all of them involved in the JAK-STAT signalling pathway. A two-gene predictor model comprising FOSB and CISH genes, which were the best discriminators of JAK2V617F status, was built. The identification of a gene expression signature characteristic in this group of patients is interesting to identify other signal transduction pathways besides JAK-STAT involved in the pathogenesis of ET. These data would provide new biological markers that characterize JAK2V617F-negative ET patients. Additional biological investigations are required to confirm these results. Figure 3 Diagram showing the relative expression of CISH and FOSB versus the control pool in the training data set (26 samples; 13 JAK2V617F-positive and 13 JAK2V617F-negative) and the independent test data set (12 samples; 6 JAK2V617F-positive and 6 JAK2V617F-negative). These genes show a good separation between the two JAK2 status groups.
